DNA sequences complementary to the double-stranded RNA coding for the neutralization antigen (glycoprotein VP7) of simian rotavirus SAil have been cloned. The VP7 gene consists of 1,062 nucleotides, containing an uninterrupted coding sequence of 978 nucleotides which specifies a glycoprotein of 326 amino acids. The significance of a second possible initiation site 30 nucleotides downstream from the first is discussed. Partial amino acid sequence of this glycoprotein showed unequivocally that the cloned segment (segment 9) codes for glycoprotein VP7 of SAil. The resulting amino acid sequence contained only one carbohydrate acceptor site. Possible sites of membrane interaction and antigenic determinants are discussed based on the analysis of the hydrophobicity and hydrophilicity profiles of VP7.
DNA sequences complementary to the double-stranded RNA coding for the neutralization antigen (glycoprotein VP7) of simian rotavirus SAil have been cloned. The VP7 gene consists of 1,062 nucleotides, containing an uninterrupted coding sequence of 978 nucleotides which specifies a glycoprotein of 326 amino acids. The significance of a second possible initiation site 30 nucleotides downstream from the first is discussed. Partial amino acid sequence of this glycoprotein showed unequivocally that the cloned segment (segment 9) codes for glycoprotein VP7 of SAil. The resulting amino acid sequence contained only one carbohydrate acceptor site. Possible sites of membrane interaction and antigenic determinants are discussed based on the analysis of the hydrophobicity and hydrophilicity profiles of VP7.
The rotaviruses are principal etiological agents of acute viral gastroenteritis in the young of a number of mammalian and avian species, including humans, and as such they are of major medical and veterinary importance (10, 13) .
These viruses possess a genome that consists of 11 segments of double-stranded RNA (dsRNA) (28) . In the simian rotavirus SAl1, each dsRNA segment encodes a single viral protein, five of which are incorporated into the mature virion as a double capsid (1, 7). The major outer-capsid polypeptide, VP7, is a glycoprotein (1) coded by RNA segment 9 (see below), which is thought to be responsible for the induction and binding of neutralizing antibodies to the virus (17) . To define the antigenic properties of glycoprotein VP7 of simian rotavirus SAl1, we cloned a cDNA copy of the glycoprotein gene. The nucleotide sequence of this cDNA allowed us to deduce the amino acid sequence of this glycoprotein and to predict several of its features. Two strategies were used for cloning the SAl genome. In the first, 10 ,ug of virion dsRNA was denatured in 90% dimethyl sulfoxide at 70°C for 10 min, precipitated with 2.5 volumes of ethanol, and used as a template for the reverse transcriptase-directed synthesis of cDNA, with DNase I-digested calf thymus DNA used as the random primer (27) . Single-stranded cDNA copies of SAl dsRNAs were treated with 0.1 N NaOH for 60 min at 60°C
and separated from degraded RNA in a Bio-Gel A-5M filtration column (27) . The single-stranded cDNA was converted to the double-stranded form by utilizing its ability to form 3'-terminal hairpin loops which prime DNA polymerase I (31) . Subsequent cleavage of the hairpin loop with nuclease S1 (6) yielded noncovalently joined double-stranded cDNA (dscDNA), which in turn was tailed with polydeoxycytidylic acid by using terminal transferase (29) . In the second strategy, virion dsRNA was denatured and precipitated as above and resuspended in 150 [ul of polyadenylation reaction mixture containing 1 U of Escherichia coli polyadenylic acid polymerase purified by the method of Sippel (32) . An average of 30 adenylate residues were added to each single-stranded RNA molecule. Polyadenylated RNA was isolated on oligodeoxythymidylic acid-cellulose and precipitated with ethanol (25). After redenaturation as described above, the polyadenylated RNA was transcribed into cDNA by using oligodeoxythymidylic acid12 18 as primer (27) . Subsequent to alkali digestion of the RNA and separation of the degraded products as above, the singlestranded cDNA was resuspended in 10 mM Tris (pH 7.5), heat denatured at 100°C for 2 min, and self-annealed in 0.25 M NaCI for 6 h at 65°C. The dscDNA formed in this way was recovered by ethanol precipitation and, to increase the probability of obtaining full-length dscDNA, was incubated for 12 h at 14°C in a filling-in reaction mixture containing 12 U of DNA polymerase I (31) . This dscDNA was C tailed as above. The tailed dscDNA obtained by either of the two methods was annealed (24) to pMT21, linearized with PstI, and tailed with dGMP residues. (pMT21, a derivative of pBR322, was obtained from H. Huang; the first 2,520 base pairs were deleted, and a polylinker was inserted which contained the following 10 unique restriction sites: SacII, EcoRI, AvaI, SmaI, BamHI, Sall, PstI, BglII, XbaI, and HindlIl. The PstI site in the ampicillin resistance gene of pBR322 is not present in pMT21.) The hybrid plasmids were transfected into E. coli MC1061 (4) , and transformants containing plasmids with inserts were selected by screening for resistance to ampicillin. Individual SAl1 dsRNA segments isolated by gel electrophoresis (1) were used to identify the gene segments represented in cloned recombinant plasmids. The segments were denatured in dimethyl sulfoxide as described above, spotted onto nitrocellulose strips, baked for 2 h at 80°C, and hybridized to 32P-labeled recombinant plasmid (prepared by nick translation [21] ) in 50% formamide-5x SSPE (0.9 M NaCl, 5 mM EDTA, 50 mM NaPO4, pH 7.7)-0.1% sodium dodecyl sulfate-lx Denhardt solution (5)-100 ,ug of salmon sperm DNA per ml at 42°C for 8 to 16 h. Plasmid pSR9-3 selected in this way was used to screen a larger number of clones by colony hybridization (11) .
Sequencing of the inserts in the selected clones was done by the procedure of Maxam and Gilbert (23) , starting from the EcoRI or HindIII sites of the plasmid, as described by Ruther et al. (30) .
Five clones containing sequences of RNA segment 9 were initially obtained by using the random primer cloning proce- DNA sequence of the mRNA sense strand, and the deduced amino acid sequence for simian rotavirus SAl glycoprotein VP7. Nucleotide residues are numbered from the 5' to 3' end. In clone pSR9-65, the 5'-terminal sequence presented did not extend to the 5' end of the mRNA (four nucleotides were missing; see text). The 3'-terminal sequence of this clone was followed by a polyadenylic acid tract connected with the vector DNA sequence through a polycytidylic acid tract, as expected from the cloning methodology employed, and thus represented the complete sequence of this region. The predicted amino acid sequence is displayed above the nucleotide sequence, with the first of the two inphase termination codons denoted with an X. Amino acid residues are numbered beginning with the first methionine. Two possible initiator methionines are boxed. The asterisk marks the possible dure. When these clones were subjected to nucleotide sequence analysis, it was found that the reported sequences for the 5' and 3' ends of this gene (3) were missing (Fig. 1) . To obtain the missing sequences. the second cloning strategy was used. After selection, the sizes of 21 Fig. 2 ). This finding showed unequivocally that dsRNA segment 9 of SAl codes for VP7 and identified the coding carbohydrate attachment site. The underlined amino acid sequence (from amino acids 221 through 237) was confirmed by direct sequencing of a V8 protease-produced peptide. To obtain this sequence, 10 pLg of gel-purified VP7 was digested with 1 p.g of V8 protease for 4.5 h at 37°C. The peptides produced were separated in a 15% acrylamide gel and electroeluted separately (1, 15 strand of the gene. The complete cDNA sequence (except for the first four bases at the 5' end) is shown in Fig. 2 .
The cDNA sequence at the 3' terminus matched exactly the terminal sequence previously reported for gene 9, including the last eight nucleotides, which have been shown to be conserved not only in the different segments of SAl but also in the genes of different rotavirus strains (3). In comparison with the reported 5'-terminal sequence (3), clone pSR9-65 lacked the first four nucleotides of that end and also lacked the expected deoxyribosyladenine-deoxyribosylthymine homopolymer tract.
From the sequence presented in Fig. 2 , the base composition for the plus strand of dsRNA segment 9 was found to be 33% A, 19% G, 31% U, and 17% C. The low GC content of the gene is reflected in the scarcity of the CpG doublet, a feature that has been found in RNA and DNA viruses with vertebrate hosts (9, 26) .
The entire nucleotide sequence (including the missing first four bases) was found to be 1,062 base pairs long. The sequence coding for VP7 consisted of an open reading frame of 978 bases which started at nucleotide 49 with the first ATG and ended at nucleotide 1,025 with the first of two inphase termination codons. In this reading frame, the usage for the possible codons for each amino acid was clearly nonrandom. The resulting amino acid sequence contained only one carbohydrate acceptor site (Asn-Ser-Thr) at amino acid positions 69 through 71. The 5'-and 3'-noncoding sequences were 48 and 36 nucleotides long, respectively. The absence of the sequence AAUAAA, present in eucaryotic polyadenylated mRNAs, from the 3'-noncoding region of this gene is consistent with the lack of polyadenylation in the mRNAs of Reoviridae (16) .
An open reading frame of 369 nucleotides was found in the minus strand; however, since the first ATG found in this open region was 235 nucleotides downstream from the start of the region, it is unlikely that it codes for a protein. The other reading frames of both the coding and the complementary strands contained numerous stop codons, such that the longest polypeptide that could be derived from them would be less than 50 amino acids long.
It is interesting to note that the first ATG of the sequence coding for VP7 did not have the consensus sequence which was described by Kozak as being necessary for an efficient initiation of translation (18) but had, instead, pyrimidines in positions +4 and -3. However, one preproinsulin initiation codon engineered in vitro with these characteristics was very efficiently used in translation (20) . On the other hand, the second ATG, found 87 nucleotides downstream, had the classical sequence for an initiator ATG. The putative polypeptides resulting from initiation at these two possible sites would be 326 and 297 amino acids long with molecular weights of 37,368 and 33,919, respectively. Because the reported molecular weight for the nonglycosylated precursor of VP7 is 37,000 (7a), translation would appear to start at the first ATG. However, several observations have indicated that VP7 of SAl1 is polymorphic, and nonglycosylated precursors of VP7 of smaller molecular weight have been observed (8) . SAl1 strains with different but homogeneous VP7 have been obtained after plaque purification of the virus (8) . The sequence reported here suggests that polymorphism might be the consequence of the existence of virus clones which use either the first or second initiation codon of RNA segment 9.
In an attempt to predict the possible antigenic determinants and to find hydrophobic sequences which might serve as signal sequences or otherwise interact with membranes, we calculated the hydrophilicity curves along the predicted amino acid chain by the methods described by Hopp and Woods (14) and Kyte and Doolittle (19) (Fig. 3) . The most hydrophilic peak, which according to Hopp and Woods probably represents an antigenic determinant, was found around amino acid 313, close to the COOH terminus of the glycoprotein (Fig. 3a) . Other hydrophilic regions around amino acids 72 (near the recognition site for carbohydrate VOL. 50, 1984 255 305 55 105 205 attachment) and 180 could also represent antigenic determinants. Knowledge of the antigenic determinants of glycoprotein VP7 is important for the study of the neutralizable regions of the glycoprotein. The hydrophobicities of the regions from amino acid 4 through 23 and from amino acid 29 through 48 (Fig. 3b) , which have an average hydrophobicity of 1.61 and 2.25, respectively, indicate that these regions could be signal peptides or sites for interaction with the membrane or both. The cleavage of the signal peptide, with a size of about 1,500 daltons, from the 37,000-molecular-weight nonglycosylated precursor has been shown by using a plaque-purified virus which contains only one class of glycoprotein, with a molecular weight of 38,000 (7a). If initiation can also start at thM second ATG, the second hydrophobic region may also function as a signal peptide. Hence, the polymorphism observed in VP7 may be the result of the existence of two initiation and two cleavage sites in this protein. Sequencing of the 5'-terminal region of the coding strand of segment 9 from virus clones differing in VP7 would provide insight into this problem, which may be involved in virus adaptation.
We are grateful to C. Rice for helpful discussions and advice on the sequencing and cloning experiments and to R. Espejo for critical discussion of the manuscript. We thank H. Huang for the gift of his recently developed plasmid pMT21. The computer programs used in this work were written by T. Hunkapiller In addition to the one possible glycosylation site found in glycoprotein VP7 of simian rotavirus SAl1 at amino acid 69, there are two more putative carbohydrate attachment sites in the bovine protein at amino acids 238 and 318. By comparing the UK and SAl1 sequences, we found a 77% homology at the nucleotide level and a 86% homology at the amino acid level.
